The diagnostic utility of total creatine kinase activity (I), creatine kinase-2 isoenzyme activity (II), and II as a percentage of I, was examined by receiver-operating characteristic curve and likelihood ratio (LR) analyses in 310 persons admitted to the Coronary Care Unit (151 proven cases of myocardial infarction and 159 non-myocardial infarction controls), from whom blood was sampledat 6-h Intervals for 48 h after the onset of chest pain. I was ineffective either as a "rule-in" or as a "rule-out" test within the first 6 h of the onset of chest pain; thereafter, it was an effective test. Ii was the most effective test during the entire 48-h period. III was more effective than I in the first 24-h period, but was less effective than I during the next 24-h period. The decision threshold for high test sensitivities varies with time over the entire 48-h period, but remains constant for high test specificities. It is essential to tabulate the LR(+) and LR(-) values for both test sensitivity and specificity at constant values to determine the utility of each test at each time interval for respectively ruling out or ruling in a diagnosis of myocardial infarction.
mance of the CK-MB test (creatine kinase-2; EC 2.7.3.2.) is considerably influenced by the degree of abnormality of the result and the elapsed time since the onset of symptoms of a myocardial infarction. Unfortunately, this important aspect has not been stressed in earlier reviews of the same topic (2, 3) .
Werner et al. (4) used serum enzyme data categorized by day of collection, and showed that, whereas lactate dehydrogenase (EC 1.1.1.27) and 2-hydroxybutyrate dehydrogenase (no EC number) can provide diagnostic thresholds of constantsensitivity and specificity,5 this was not true for CK or CK-2 activities in the three days after a myocardial infarction. Indeed, they found that the sensitivity of this latter group of enzymes progressively decreased.
Van Steirteghem et al. (5) examined the diagnostic performance of four measurements-total CK, CK-MB, CK-BB, and myoglobin-by frequent sampling of blood of patients admitted to the hospital with chest pain. They showed that, to obtain a constant true-positive diagnostic rate (sensitivity), the decision threshold must be altered with time.
We re-investigated the diagnostic performance of total creatine kinase and CK-2 by ROC curve analysis, using data from blood samples collected at 6-h intervals from the onset of chest pain from a myocardial infarction population. We have been able to confirm and expand these (4, 5) important observations.
Materials and Methods
Samples and patients. Our study group consisted of 310 patients, admitted to the Cardiac Care Unit of this hospital with chest pain (Table 1) , in whom a diagnosis of acute myocardial infarction was either later confirmed (n 151) or excluded (n = 159). Blood samples were drawn to determine concentrations of total creatine kinase and CK isoenzymes at the time of admission and at 4-to 6-h intervalsthereafter for as long as 48 h. Sampling time was always related back to the time of onset of symptoms. The diagnosis was established by one of us (G.J.), using our previously describedcriteria (6).
CK assay. We determined totalCK at 37#{176} C in a Cobas FARA centrifugal analyzer(Roche Diagnostics, Etobicoke, Ontario, Canada, M9C 5S4), using the Scandinavian-recommended assay (7) with reagents supplied by Roche Diagnostics. The between-batch CV was <2%. This program provides operator-selected decision thresholds and ROC and decision level curves (8) . Selection of the optimum decision threshold between the positive and negative test results is facilitated by calculating LR values (9) and their 95% confidence limits (8) .
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ROC curve analysis. We prepared ROC curves for total CK activity, for CK-2 activity, and for CK-2 as a percentage of the total CK activity for the entire population at each time interval (Figure 1) .
Decision thresholds for selected sensitivities and specificities. We determined the decision thresholds (cutoffs) for sensitivities (to "nile out" MI when the test result is less than the cutoff) and specificities (to "nile in" MI when the test result exceeds the cutoff) of 90%, 95%, and 99% for each time interval for each determination ( Figure 2 and Table  2 ).
Likelihood ratios. We calculated the LR(+)6 ( Optimum decision thresholds. These were determined by using decision threshold plots (8) and are shown for each determination at each time interval (Figure 5 ).
Discus8lon
The proportion of males in each part of our study population was threefold that of females (Table 1) ; thus our data on the female group may not be as representative as our data on males. The analysis given here refers only to the entire population, although we have also looked for sexrelated differences. Essentially, all groupings provide a similarspectrum of findings. The population studied by Van Steirteghem et al. (5) consisted of 55 MI and 21 non-MI patients, and the differences between our findings and theirsmay be due, at leastin part,to this difference in the size of the studied populations.
The ROC curves for totalCK activity showthe increasing efficiency of this test with time ( Figure 1, A and B) . For example, determinations during the period 0-6 h are clearly almost ineffective diagnostically as compared with determinations made in subsequent time intervals. This conclusion is evident from the trend of the values for the area under each curve; in these terms, the greatest efficiency for this test is obtained by determinations made 19 to 24 h afterthe onset of chest pain (area under the curve is 0.
966). Of interest is the high efficiency of the totalCK
Likelihood ratio (for a positive test result) = sensitivity/(1 -specificity), or = true-positive rate/false-positive rate. LR for a positive test result, LR(+), is the multiplier used to determine the post-test odds of disease, thus: post-test odds = LR(+) . pre-test odds. LR(+) should therefore be greater (preferably, muchgreater) than 1 (see Figure 3) .
Likelihood ratio (for a negative or "normal" test result) = (1 -sensitivity)/speciflcity, or = false-negative rate/true-negative rate. LR for a negative or "normal" test result, LR(-), is the multiplier used to determine the post-test odds for the absence of disease, thus: post-test odds = LR(-) . pre-test odds. LR(-) should therefore be much lessthan 1 (seeFigure4). activity as late as 43 to 48 h afteronsetof chest pain. In a study of an emergency-room population, Lee et al. (10) likewise showed the diagnostic performance of total CK activity within 4 h of the onset of symptoms to be extremely poor,but improved thereafter, although their ROC curve does not demonstrate as high an efficacy as ours ( Figure   l#{192} ).
As would be expected from its tissue distribution, the ROC curves for CK-2 activity indicate that, at each time interval studied, CK-2 is a more efficient test than total CK (Figure 1, C and D) . In contrast to the relatively low utility of measuring totalCK during the period 0-6 h, CK-2 is a superior test(areaunder the curve is 0.92). Similartototal CK activity, CK-2 activity is still an effective, but superior, test as late at 43-48 h afterinfarction, and it likewise is most useful diagnostically during the time interval19-24 h (area under the curve is 0.991).
Claims have been made for the superior diagnostic util- ity of the CK isoform ratio compared with CK-2 analysis at 3-9 h afterinfarction (11), but an examination of the ROC curves for the isoform ratio (11) and our CK-2 data provided here clearly demonstrate equivalence of the latter in our 0-6 h time interval and its superiority in our 7-12 h time interval. ROC curves for percentage CK-2 show a consistently high diagnostic utility (Figure 1, E and F) during the 7-24 h time period and a superior utility during the first 6-h period (area under the curve is 0.937). It is most useful during the 13-18 h time period (areaunder the curve is 
Accordingly,
we examined the change in decision thresholds for each determination at constant sensitivities of 90%, 95%, and 99% (i.e., varying the "rule-out myocardial infarction" cutoff). When total CK activity is followed over time, it is evident that for a constant sensitivity of 90% the decision threshold is initially low (<50 UIL), then increases to a maximum of >250 UIL at 19-24 h afterinfarction and decreases to about 100 UIL by the 43-48 h interval (Figure 2A Figure 2C ) reflects those of total CK and CK-2 activities except that the peak occurs much earlier, during the 7-12 h interval, and thereafter the decision thresholds gradually decrease to the final time period of 43-48 h. Our normal reference intervalfor this testis 0-5% for both sexes.
We conclude that, for total CK and CK-2 activities, and using a constant decision threshold to rule out a diagnosis of myocardial infarction, test sensitivity increases with time aftermyocardial infarction, but only for the first 24 h. constant rule-out cutoff) it is necessary to alterthe decision threshold to match the time after the onset of chest pain. It must be emphasized that the change in the magnitude of these variable thresholds is greater, in each case, than the conventional reference intervals usually used to assess such data. Clearly, the use of fixed reference intervals can, and will, lead to misclassification, the extent of which will vary with the time afteronsetof chest pain.
When the data are exsmined with the use of a constant test specificity (i.e., to rulein a diagnosis ofmyocardial infarction), the decision thresholds are extremely stable over time (Table  2 ) when compared with our findings as regards rule-out cutoffs (Figure2).Again, thesevalues shouldbe compared with the conventional reference intervals (Table 2 ). As expected, the most powerfultestis CK-2 activity (at 90% sensitivity)
followed by the percentage CK-2 determination. The LR values for a negative (or "normal") test result, plotted in Figure 4 , confirm the ineffectiveness of totalCK within the first 6 h of onset of chest pain,even for ruling in myocardial infarction whereas, in the same time period, the CK-2 assays (U/L or percentage) provide diagnostically useful information.
The most powerful tests are CK-2 (UIL), at 95% specificity, in the period 13-18 h, and percentage CK-2, at all specificities, 31 to 36 h afteronset of chest pain. This type of display allows a complete overview of the effectiveness of the rule-in cutoffs at three high test specificities.
Bernstein et a!. (12) have compiled a listing of "Bayes factors" (these are equivalent to likelthood ratios) for CK-2 determinations made on admission and 12 h later in patients with suspected myocardial infarction. The Bayes factors are expressed as odds and are rather awkward to quickly comprehend (they usually must be converted to probabilities, because most people find that the probability scale gives a better view of uncertainty). We had originally tabulated our data in similar form but have found, when explaining it, that a figure displaying these ratios (like Figures3 and 4) is very much easier to understand at a glance.
We have also examined the optimum decisionthresholds for each determination at each time interval (Figure 5) . Total CK and CK-2 activities show similar trends: the thresholds are low for the first 12 h, increase during the next 12-h period, and then diminish. However, the optimum decision threshold for percentage CK-2 shows a remarkable constancy, at about 5%, during the first 36-h period, which suggests that this derived value may be more useful than the primary test values when used in this context.
We conclude that: #{149} total CK is ineffective either as a rule-in or rule-out myocardial infarction test within 6 h of the onset of chest pain #{149} thereafter, total CK continues to be an effective test for these purposesfor at least 48 h afterthe onset of chest pain #{149} of the three tests examined, CK-2 is the most effective test for myocardial infarction during the entire 48-h period afteronset of chest pain #{149} percentage CK-2 is an effective measurement for diagnosis of myocardial infarction during the first 24 h after onset of chest pain, but is less effective than total CK during the 25-48 h period #{149} the decision threshold for high test sensitivity alters during the entire 48-h period, but remains constant for high test specificity #{149} LR(+) and LR(-) values must be tabulated for each test at each time interval and for each required sensitivity or specificity, to document test effectiveness
